STUDIES IN NORTH AMERICAN VOLVOCALES. 

I. THE GENUS GONIUM 1 

M. A. Pocock 

In the course of a field study of Volvox in North America, other mem¬ 
bers of the Volvocales were repeatedly encountered, one of the commonest 
among them being Gonium, which in spring and early summer is often 
found in rain-water pools similar to those in which Volvox may occur. No 
particular attention was paid to this genus during the journey across 
America, but later at the University of California time was diverted from 
the study of Volvox to this much simpler member of the Volvocaceae 
which was appearing in nearly all the soil cultures made in the laboratory 
as well as in many algal collections made in the neighborhood of Berkeley, 
California. Since most of the soil-samples used in these cultures were col¬ 
lected in Nebraska and California, where, too, the greater part of the field 
work was done, the present account is based on material from those two 
States. The work has continued in South Africa, using soil collected during 
the American trip some years previously, as well as some from Australia. 
Obviously the results obtained are by no means exhaustive, and further 
study would probably add considerably to our knowledge of the Gonium 
flora of North America. 

Of the five forms considered here, two have been found only in soil 
cultures and have not as yet been collected in the field, two others have 
been so collected and have also appeared in cultures; the fifth, G. sociale, 
was collected once in Berkeley. When possible the algae were isolated and 
raised in uni-algal cultures either by the soil-and-water method of Pring- 
sheim (1946, p. 13) or in culture solution made according to the recipe 
given by Juller (1937, p. 61); both single-colony and many-colony in¬ 
oculations were made, and all forms except G. sociale usually proved 
tolerant of culture conditions so that very rich growths of the various 
forms could be obtained. 

Description of the Species 

Gonium octonarium sp. nov. (Lat., octonarium, composed of eight) 
(figs. 1-15). Species parva, saepe paene sine colore, cellulis octo, sex mar- 
ginalibus duabus minoribus centralibus, valde regulariter ordinatis: linea 
transversa duabus centralibus duabus marginalibus formata est, supra et 
infra duas centrales reliquis quattuor marginalibus positis; centralibus 
lateraliter paullum compressis, marginalibus omnibus a latere centralibus 
adiacenti plerumque paullum complanatis; in culturis recentibus cellulae 
chlorophyllo et pyrenoidibus carnet; in veteribus coenobia pigmentum 


1 The work described here was done during the tenure of Senior Bursaries granted 
by the Council for Scientific and Industrial Research of South Africa. 
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viride aliquando habent sed semper pallidissimum, pyrenoidibus turn prae- 
sentibus; in reproductione asexuali sex cellulae marginales sese dividunt 
plerumque prius quam centrales. Coenobium 46-54 /x X 38-45 /x; cellulis 
centralibus 9-12 /x X 11-15 /x, cellulis marginalibus 11-14 /x X 13-16 fx. 

A small species, often nearly colourless, composed of eight cells, six 
marginal and two smaller central cells, very regularly arranged; the two 
central cells and two marginal cells forming a transverse row, with the 
remaining four marginal cells above and below the two central cells; 
central cells slightly compressed laterally, all the marginal cells usually 
somewhat flattened on the side adjacent to the central cells; cells in young 
cultures lacking chlorophyll or pyrenoids, in older cultures the coenobia 
sometimes containing green pigment but always very pale, pyrenoids then 
present; in asexual reproduction the six marginal cells usually dividing 
before the central cells. 



Figs. 1-10. Gonium octonarium. Fig. 1 . Nearly mature colony, colourless and with¬ 
out pyrenoids, showing attachment between cells, central nucleus with large nucle¬ 
olus, flagella, eyespots. Fig. 2. Colony from older culture showing pyrenoids sur¬ 
rounding central nucleated region. Figs. 3-5. Daughter colony formation: 3, ana¬ 
phase; 4, cleavage of third division; 5, cell division complete, embryo ready to invert. 
Figs. 6-10. Sexual reproduction: 6, sexual colony showing gamete formation; 7, con¬ 
jugation; 8, planozygote; 9, 10, zygospore before and after wall formation. Figs. 1, 
2, 6 X 300; all other figures X 1000. 
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Habitat and Distribution. In rain-water pools, often those used as 
drinking pools by cattle grazing on pasture land. Hitherto known only 
from Nebraska and California; probably widespread but overlooked. 
Obtained only from soil cultures; not yet collected in the field. Nebraska: 
rain-water basin, Utica, Seward County; small pond in pasture land, 
Dinneen’s farm, near Exeter, Fillmore County. California: pond in pas¬ 
ture land 4 miles south of Lemon Cove, Tulare County (type locality); 
vernal pools adjacent to the Santa Fe Grade near Los Banos, Merced 
County; inundated meadow south of Thornton (19 miles north of Stock- 
ton), San Joaquin County; shallow soil in holes in the rock in which rain 
or snow accumulates, El Moro Rock, Sequoia National Park, Tulare 
County. 

Observations. A very pretty and distinctive little species; when first 
observed in a soil culture from Utica, Nebraska, it was entirely destitute 
of chlorophyll and either colourless or faintly flesh-pink, with no sign of 
pyrenoids (fig. 1); later in the life of the culture it became very pale 
green. In cultures in which there is not much organic matter it soon de¬ 
velops chlorophyll and pyrenoids but it is typically much paler than other 
species of Gonium which are usually associated with it. When pyrenoids 
are present several develop in each cell in the cytoplasm around the central 
nucleus (figs. 2, 12, 13). 

The wall of the cell is closely adpressed to the protoplast, and even 
when treated with methylene blue can only be distinguished as a faint blue 
line with slight projections at the points of attachment between cells. The 
mode of attachment is interesting—normally the four cells of the median 
row are attached to one another at two points, whereas there is usually 
only one point of attachment between adjacent marginal cells and between 
the upper and lower two marginal cells and the central cells (figs. 1,2, 12, 
13). Exceptions to the rule are, however, not uncommon. The cells of the 
median row are closely approximated, the spaces between them and the 
upper and lower rows being comparatively large. The position of the eye- 
spot in the respective cells and the relation of eyespot, contractile vacuoles, 
and flagella (more than double body length) are shown in figure 1. 

The origin of the median row and its relation to the remaining four cells 
can easily be traced. After the second division two of the resultant cells 
widen tangentially, the two alternate cells radially. The third nuclear 
division, in which the axes of all four spindles are parallel, is immediately 
followed by cleavage which is radial in the two cells which had widened 
tangentially thus resulting in the two cells of the upper and lower marginal 
rows respectively, whereas in the two cells which had widened radially the 
cleavage is tangential and inclined to the plane of the marginal cells. As 
a result, the two inner cells, which are rather smaller than the two outer, 
lie in a plane below that in which the marginal cells all lie (figs. 3-5); the 
embryo is now a shallow saucer with the central cells at the bottom of the 
saucer (fig. 15). Inversion follows, which as usual in Gonium (cf., Pascher, 
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1927, p. 414), consists of a reversal of the curvature of the young saucer¬ 
shaped embryo, thus bringing the two central cells slightly forward of the 
marginal cells to form the anterior pole of the colony as it progresses 
through the water. It is of interest to find that in daughter-colony for¬ 
mation these two central cells lag behind the others and may still be un¬ 
divided when all the marginal cells have either completed or nearly com¬ 
pleted embryo formation (fig. 14). Thus there is more than a suggestion 
of somatic differentiation. 

Throughout the process of cell-division and reorientation the embryo is 
attached to the parental flagella and the colony remains motile. Pascher 
states that the developing embryo becomes free from the flagella prior to 
inversion, but this is not normally the case in the forms studied by the 
writer; when it does occur it is probably an abnormality. 

Sexual reproduction was observed once in the early hours of the morn¬ 
ing (1 a.m. onwards) in a culture of soil from Utica. The culture was very 
vigorous with many young colonies in process of development, but it pre¬ 
sented a strikingly different appearance from those usually seen, as many 
small colonies showed groups of four cells in each constituent cell. These 
were arranged as if to form daughter colonies, but instead of escaping as 
such, the cells of each group proceeded to separate, escape from the paren¬ 
tal cell-membrane, and become gametes. In all the cases of conjugation 
observed, the gametes were unequal in size. The difference in size may be 
attributable to variation in size of the parent cell or perhaps to a difference 
in the number of gametes formed in each, although only four-celled groups 
were seen. In hanging drops in deep depression slides kept in a moist 
chamber, liberation and copulation of gametes continued for some hours, 
while colonies remained active for several days. The planozygotes were 
actively motile for some time, usually but not always settling down in less 
than an hour after completion of conjugation, then withdrawing their 
flagella and forming small rounded resting spores (4-5 fx when first 
formed, enlarging to 6-8 ,u on completion of wall formation). At first the 
zygospore was almost colourless, but later became pale golden brown with 
a thin smooth wall. In soil cultures under favorable conditions, young 
colonies may appear within 24 hours after addition of water, or their 


Explanation of Figures 

Figs. 11-15. Gonium octonarium. Fig. 11. Nearly mature colony, colourless, 
without pyrenoids (Santa Fe Grade culture), stained with aceto-carmine to show 
nucleolus. X 1000. Fig. 12. Nearly mature colony from older culture (Utica culture), 
showing many small pyrenoids. X 1000. Fig. 13. Large green colony with many pyre¬ 
noids (Lemon Cove culture), showing mode of attachment between cells. X 960. 
Fig. 14. Mature colony (Santa Fe Grade culture), showing central cells undivided, 
marginal cells forming daughter colonies: three 4-celled, two preparing for last 
division and one with third cleavage nearly complete. X 1000. Fig. 15. Part of 
mature colony (Utica culture), showing two central and one marginal cell of central 
row undivided and two cells of upper row with daughter colonies ready to invert. 
X 1500. Fig. 16. Nearly mature colony of G. octonarium and young colony of 
G. multicoccum, stained with aceto-carmine (Lemon Cove culture). X 440. 
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Figs. 11-15. Gonium octonarium. 
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appearance may be delayed to a later stage in the life of the culture; tem¬ 
perature appears to be the chief determining factor. The resting spores 
may retain their viability for years, in some cases the soil used in the 
cultures having been collected over four years previously. 

This species responds well to cultural conditions. Rich cultures were 
obtained from both single- and many-colony inoculations by using the 
soil-and-water technique, usually in Pyrex test tubes. Such cultures have 
been maintained for weeks, and in them development of pigment accom¬ 
panied by formation of pyrenoids is usually much more marked than in 
the original soil cultures. 

Gonium pectorale Muller (1773). This cosmopolitan, typically 16- 
celled species is much the best known and is probably the commonest of 
all the colonial Volvocales. It is so frequently met that one is inclined to 
pass it by without further examination, but probably it includes many 
forms, some of which are certainly worthy of varietal rank; one such is 
described here. The typical form (var. pectorale) was also observed and 
appears to be widespread in North America. 

Gonium pectorale Muller var. pectorale (fig. 17). Colonies of this 
variety are characteristically bright green. In addition to the 16-celled 
colonies, 8- and even 4-celled individuals may occur, or according to 
Pascher (1927, p. 412, footnote), occasionally even colonies of between 
16 and 32 cells. The coenobium takes the form of a nearly square plate, 
not quite flat but usually bent back slightly along the two diagonals. 
Mature cells are nearly spherical with a single large basal pyrenoid. 
Pascher gives 90 /x as the limit of size, with the cells 10 n wide by 14 ^ 
long, but the North American material may be considerably larger, well 
over 100 /x in diameter with cells 18 /x X 20 ^ In other respects it agrees 
reasonably well with the descriptions of European material. 

As the cell matures, the single pyrenoid increases in size almost filling 
the base of the massive bowl-shaped chloroplast so that the floor of the 
colourless nucleated region is pushed up, thus compressing the nucleus 
which consequently becomes spheroidal. Hence, though in polar view the 
colourless nucleated region is circular in outline, viewed from the side it 
appears elliptical (fig. 17). 

Habitat and Distribution. Temporary fresh water pools, ponds in 
pasture land, lakes, etc. Probably widespread in North America. Collected 
in small lakes in Wisconsin; rain-water pools in Nebraska; in California 
collected near Walnut Grove, in Jackson Slough near Isleton (Sacramento 
County), and in the neighborhood of Stockton (San Joaquin County). 
Cultures of the latter provided most of the material used in the cytological 
investigation of this species (Cave and Pocock, 1951). Also in cultures of 
soil from Nebraska (Utica, Seward County) and California (Lemon Cove, 
Tulare County; Santa Fe Grade, Merced County). 

Observations. Daughter colony formation was never observed to occur 
until the colonies had reached a large size; there was no indication of cell 
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differentiation within the colony as regards commencement of division— 
sometimes the cells of a colony began to divide more or less simultaneously, 
sometimes one or more of the central cells dividing before the marginal, 
but there was no definite order, and there appears to be a marked absence 
of synchronization between the cells in respect to division. Behaviour of 
different cultures is considered later. 

Gonium pectorale var. praecox var. nov. (figs. 18, 19, 21). Coeno- 
bium adultum parvum, cellulis plerumque 16, ovatis, singulis unaquaque 
pyrenoidibus. Coenobium 50-64 /x X 54-68 /x; cellulis 10-12 /x X 13-14 /x. 

Mature colony comparatively small, usually rather pale green and 
slightly oblong in shape; cells somewhat elongated, ovoid in side view 



Figs. 17-20. Mature cells. 17, Gonium pectorale var. pectorale ; (N, nucleus; Nl, 
nucleolus; CV, contractile vacuole; P, pyrenoid); 18, 19, G. pectorale var. praecox; 
19, showing reorientation of parts prior to division; 20, G. multicoccum. Figs. 21-25. 
Nearly mature colonies: 21, G. pectorale var. praecox; figs. 22-25, G. multicoccum; 
22, showing slightly rhomboidal 16-celled colony; 23-25, 8-celled colonies showing 
various types of cell arrangement. All figs. ca. X 500. 
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with apex usually wider than the base in which the single large pyrenoid 
lies, colourless apical region containing the spherical nucleus larger and 
more conspicuous than in var. pectorale (figs. 18, 21); in young colonies 
the central space often large so that the central cells appear to be pushed 
into the corners; bases of the two corner cells of the margin consequently 
slightly angular. 

Habitat and Distribution. Fresh water ponds and pools. Obtained in 
a culture of soil from Lemon Cove, Tulare County, California (type lo¬ 
cality) associated with G. octonarium and the following species. Probably 
future study will show that it is not uncommon. 

Observations. Daughter colony formation may begin in quite small 
colonies whence the varietal name since precocious development is one of 
the chief distinguishing features of this variety. For example, in a colony 
measuring 50 /x X 54 /x all the marginal cells had already divided once or 
twice while the still undivided central cells measured 10 /x X 13 /x, and even 
smaller colonies may have begun to divide. Division may start in either 
marginal or central cells or more or less simultaneously in all. No indication 
of somatic differentiation was observed. 

Nuclear division is preceded by a shift in the parts of the protoplast, 
the colourless apex moving to one side while the nucleus itself migrates 
toward the surface of the cell (fig. 19). This change in cell polarity takes 
place in the same direction in all the marginal cells, while a similar se¬ 
quence, not necessarily in the same direction, is seen in the four central 
cells. The regularity of this change in position of the constituents of the 
protolast is most striking. At the same time the pyrenoid begins to widen 
and as nuclear division takes place the pyrenoid also divides. Successive 
nuclear divisions are accompanied by division of the pyrenoids, and 
eventually each daughter cell receives a single small pyrenoid. 

Gonium multicoccum sp. nov. (figs. 20, 22-25, 26-30). Coenobium 
adultum magnum, cellulis 8, 16 aut 32, subglobosis, multis unaquaque 
pyrenoidibus. Coenobium (cellulis 16) 60-76 /x X 62-78/x; cellulis 13—18/x 
X 16-19 /x. 

Adult coenobium large, of 8, 16, or 32 cells; cells more or less globose, 
with a number of pyrenoids of varying sizes almost surrounding the 
central spherical nucleus. Cells of the colony evenly spaced, separated by 
comparatively small spaces; no large central aperture. 

Habitat and Distribution. Ponds, inundated meadow land, fresh¬ 
water basins, etc. UNITED STATES. Nebraska: fresh-water basin, 
Utica, Seward County. California: inundated meadow south of Thorn¬ 
ton (19 miles north of Stockton), San Joaquin County; pond 4 miles south 
of Lemon Cove, Tulare County (type locality). Also in cultures of soil 
from all three localities. AUSTRALIA. New South Wales: Flooded 
meadow, Woodlawn Road near Lismore (soil culture). 

Observations. The cells of the colony are more closely apposed than 
in G. pectorale; young colonies may show hardly any spaces between the 
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cells. As development proceeds the cells separate slightly but evenly, 
and there is a marked absence of the large central aperture which char¬ 
acterizes the varieties of G. pectorale (figs. 26-29). Two of the central 
cells are normally joined across the comparatively small central space 
(figs. 22, 28). 

When first formed the cells of the young colony each contain a single 
basal pyrenoid, but while still quite small the pyrenoids begin to increase 
in number, first one and then another appearing until there may be 6 or 
8, or in well grown colonies as many as 10 to 12 in each cell. For ex¬ 
ample, in a colony 29 /x X 35 /x with cells only 6 /x in diameter, most of the 
cells already contained two pyrenoids; another still immature colony 
65 wide with cells 15 /x in diameter had 5 or 6 pyrenoids in each cell. 
Apparently the secondary pyrenoids are formed de novo and not by di¬ 
vision of pre-existing pyrenoids; they are of varying sizes, the primary 
pyrenoid usually larger than those formed subsequently. In contrast to 
G. pectorale var. praecox, the colourless apical area is reduced to a mini¬ 
mum and is barely discernible in surface view of the colony (figs. 20, 
22-24). 

In addition to the 16-celled colonies, 32-celled colonies may be fairly 
numerous in vigorous cultures, while on the other hand there is always a 
large proportion of 8-celled colonies. In colonies of the latter type the 
arrangement of the cells is strikingly different from that in G. octonarium. 
The commonest arrangement is three rows—two of three cells each with a 
central row of two cells—basically resulting from the arrangement of the 
cells at the 8-celled stage of division when there are four central cells in 
the form of a cross with four marginal cells in the angles of the arms of the 
cross (figs. 23, 29, 30). In other instances the rows are in the order of 
3-3-2 cells (fig. 24), whereas in yet others as development proceeds the 
cells become further displaced and more or less rounded colonies result, 
with a single central cell surrounded by seven marginal cells (fig. 25). 
A close examination of the mode of attachment between cells may indicate 
how these various arrangements have arisen from the initial 8-celled 
pattern. It must be clearly understood that all these forms are due, not 
to fragmentation of an originally 16-celled colony but to the fact that the 
parent cell has divided three times only instead of four. 

The 32-celled colonies are, however, the most striking feature of this 
species. They are beautifully symmetrical, octagonal in outline but not 
quite isodiametric—two sides parallel to the longer diameter consist of 
four cells, whereas the remaining six sides are all 3-celled, the corner cell 
in each instance being common to two adjacent sides. The arrangement of 
the cells is 18 peripheral, 4 central and 10 intermediate (figs. 26, 27) 
When first observed in early summer of 1949 in a rich collection of algae 
from an inundated meadow south of Thornton, it was thought that the 
32-celled plates might represent a species distinct from the 8- and 16-celled 
colonies with which they were associated. Single colony cultures were 
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established using complete or nearly complete 32-celled individuals for 
inoculation, but in every case the resultant culture was composed of 8- 
and 16-celled colonies; later cultures raised from 16-celled inoculations 
sometimes produced 32-celled offspring. Obviously therefore the 32- ; 16- 
and 8-celled colonies all belong to the same species, which, unlike G. 
pectorale, is characterized by the presence of many pyrenoids in each cell. 

When fully mature the constituent cells are as large as in G. pectorale 
var. pectorale, but since the intervening spaces are smaller the colonies 
are, as a rule, proportionately smaller. The dimensions given above are all 
for 16-celled coenobia; 32-celled individuals naturally reach a much 
larger size. The one shown in Figure 27, though far from mature, with 
cells still only 12 /x X 13 /x and containing only 3 or 4 pyrenoids, already 
measured 88 /x X 96 /x. 

In 1953 numerous cultures of soil from Lemon Cove, California, were 
made in South Africa at Grahamstown; several of these produced beauti¬ 
ful growths rich in 32-celled colonies, and it was possible to study the 
development and behaviour of the various types of colonies. Taking the 
16-celled coenobium as the norm, it was interesting to find that on the 
whole the 8-celled form was the most abundant in young cultures, was 
the most stable and tended to reach maturity earliest, whereas 32-celled 
individuals made their appearance later in the life of the culture, developed 
more slowly than either the 8- or 16-celled colonies with which they were 
associated, full maturity culminating in the formation of daughter colonies 
being reached later than in either of the other forms; further, 32-celled 
colonies tend to fragment more readily. 

Sexual reproduction has not as yet been observed in this species. 

Gonium sociale (Dujardin) Warming (1876). This 4-celled species 
was collected in early summer by Dr. Lee Bonar in the fishpond in his 
garden at Berkeley. Unfortunately, little time could be spared for it and 
the few attempts made to get it established in culture failed, although it 
continued active for some weeks in the water in which it had been col¬ 
lected. Addition of culture solution to the original water did not notice¬ 
ably stimulate growth. 

The colonies were small and pale in colour and were apparently growing 
in water containing far less organic matter than in most of the soil cultures 
studied. Two-celled colonies sometimes occurred, but never colonies of 


Explanation of Figures 

Figs. 26-30. Gonium multicoccum. Figs. 26, 27. 32-celled colonies fixed in osmic 
acid vapour (Thornton Meadow culture): 26, showing flagella and pyrenoids, X 430; 
27, showing at a slightly lower focus the marginal cells with clear apical area, eye- 
spots, etc., X 490. Fig. 28. Nearly mature 16-celled colony with the central cells in 
focus to show absence of central aperture and attachment between the cells (Lemon 
Cove culture). X 960. Fig. 29. 8-celled colony from same culture stained with aceto- 
carmine. X 960. Fig. 30. Part of 16-celled colony showing undivided cells and de¬ 
veloping embryos in 2-, 4- and 8-celled stages. X 960. 
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Figs. 26-30. Gonium multicoccum. 
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more than four cells. Colonies of this species were quite easily distinguish¬ 
able from the 4-celled colonies which may occur in any other species of 
Gonium. The species is apparently widespread but by no means common, 
and little is known about its life-cycle and behaviour. It has not appeared 
in any cultures of soil from North America nor has it yet been reported 
from South Africa. 


Observations on Cultures 

As the first rich cultures of Gonium pectorale made in the laboratory 
at Berkeley approached maturity, they were closely watched for dividing 
cells, but no matter what the hour of the day none could be found 
although many young colonies were always present. Observation was 
therefore started at night, and at once divisions were found; as night ad¬ 
vanced, the number of colonies showing stages in division increased. The 
first evening division apparently started between 7 and 8 o’clock and 
increased rapidly until about 9 p.m. when an optimum was reached and 
nearly all the larger colonies showed stages in division. This period of 
intense activity lasted for a time; then the number of dividing colonies 
gradually decreased until at about 10:30 p.m. no more divisions could be 
found. Observations were repeated on several succeeding nights with com¬ 
parable results except that there was a gradual shift in the time of suc¬ 
cessive stages to a slightly later hour. 

These observations led to the conclusion that in Gonium nuclear divi¬ 
sion, followed immediately by cell cleavage, was a nocturnal phenomenon. 
This conclusion, however, proved to be unwarranted for a few weeks later 
another culture was found to be dividing in the early afternoon, while in 
yet a third instance division took place in the morning. Quite recently, in 
a soil culture in which several forms of Gonium were flourishing, G . octo- 
narium was dividing actively at night while G. multicoccum showed hardly 
any stages in division but was found to be dividing freely in the early 
forenoon. 

There is therefore no stereotyped rule for the time at which division 
occurs in Gonium. All that can be said with certainty is that in any given 
population there appears to be an optimum time for nuclear division, but 
that this optimum may vary considerably in different populations or for 
different forms growing side by side in the same culture. It is difficult to 
estimate what factors may be operative; undoubtedly external factors play 
an important role in determining the behaviour of a culture, but obviously 
they are not alone responsible for variations in behaviour in this respect. 
Response to external conditions appears to be modified by some inherent 
factor or factors in any given strain and in any culture. Further, there 
appears to be a rhythm which is not strictly diurnal since there may be a 
progressive shift in the time of optimum division. Extended study of be¬ 
haviour in numerous cultures under varying conditions might do much to 
solve this as well as many other problems in the life cycle of Gonium and 
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other green algae. Gonium would appear to be a particularly favorable 
subject for such a study. 


Discussion 

In a cosmopolitan and moreover highly variable alga such as Gonium 
one hesitates to create new varieties or species; only when characteristic 
features, whether of structure or behaviour, prove constant and readily 
recognizable is such a course justifiable. The question then arises as to 
whether such variants constitute new species, or whether they should be 
regarded as varieties or merely forms of existing species. In the case of 
G. octonarium described here as new, from its first recognition there could 
be no doubt that it was a distinct, undescribed species. No other species 
of Gonium shows such constancy of number and arrangement of cells, 
combined with such individuality of cell-structure. But the other two taxa, 
both usually 16-celled with cell arrangement essentially similar to the 
cosmopolitan G. pectorale var. pectorale, could easily be passed over as 
that species. This is particularly true of the small form here named G. 
pectorale var. praecox in which there is a single basal pyrenoid. At first 
it was regarded as merely a form of G. pectorale var. pectorale, but there 
are distinct differences, not only in the shape of the cells with the con¬ 
spicuous apical region but also in their arrangement in the colony, in the 
precocious maturation and in the regularity of the shift in the polarity of 
the cell prior to division. These features are regarded as justifying varietal 
rank. In G. multicoccum, the differences are even more marked; here, 
although the shape of the cell is similar, its structure (with numerous 
pyrenoids scattered through the cytoplasm around the spherical nucleus 
and the small colourless apical region) and the compact arrangement of the 
cells in the colony without a large central space distinguish it from G. 
pectorale even when only the 16-celled form is considered. The numerous 
8-celled, and still more the regular 32-celled colonies, further distinguish 
it; taken together these characters are regarded as sufficiently distinct to 
justify the view that it constitutes a separate species. 

Until comparatively recently the species of Gonium recognized as dis¬ 
tinct have all been either 4- or 16-celled, but in 1942 Prescott described a 
32-celled species, G. discoideum [“constantesque 32 (raro 16) singulis 
cellulis”] from Louisiana. This species differs from G. multicoccum from 
California in the shape of the colony which is rounded in outline instead of 
octagonal, and in the form of the cells which are irregularly pyriform with 
two basal pyrenoids. The arrangement of the cells—4 central surrounded 
by two series of 10 and 18 respectively—is the same in both of these 
species. But in the California material (Thornton Meadow and Lemon 
Cove collections) 32-celled colonies were comparatively few and 16- and 
8-celled colonies far more numerous. Furthermore, single colony cultures 
clearly demonstrated that the 32-celled colonies did not represent a species 
distinct from the 8- and 16-celled colonies with which they were associated. 
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Crow (1927), in his account of abnormal forms of Gonium in Great 
Britain reports the occurrence of 8-, 4- and 2-celled colonies in G. pec- 
lorale, and points out that such colonies may originate either by a reduc¬ 
tion in the number of cells formed by division of the parent cell or by 
fragmentation of normal 16-celled colonies. He adds: “the eight-celled 
form does not appear to be represented by a distinct species,” and dis¬ 
cusses possible reasons for this absence, concluding that a “central aper¬ 
ture” in the colony is necessary due to the way the organism swims. Hence, 
the discovery of an 8-celled species has special interest since it fills a gap 
in the series of types of colony structure within the genus. Crow’s ex¬ 
planation for the absence of such a species obviously becomes unnecessary. 
He also mentions the occasional occurrence of ring-shaped colonies formed 
by the dropping out of the central cells in normal 16-celled colonies. Simi¬ 
lar forms have been observed in the course of this work, but apparently 
the circular 8-celled colonies described above in G. multicoccum have not 
been noted in typical G. perforate. Possibly they are peculiar to G. multi¬ 
coccum wherein other types of 8-celled colonies are also formed in un¬ 
usually large numbers. 

The number of pyrenoids in a cell may sometimes be of diagnostic value 
as a specific character, as in the case of G. multicoccum , but since in many 
algae the number varies during the life cycle, this feature must always be 
used with caution. In some algae the pyrenoids increase in number prior 
to cell division, in others they may disappear entirely. In Gonium there 
seems to be considerable variation in pyrenoid behaviour; in G. perforate 
var. perforate , pyrenoid behaviour has not been studied, but in the variety 
praecox division of the pyrenoid accompanying nuclear division seems to 
be the rule, whereas in G. multicoccum numerous pyrenoids are formed 
de novo during the maturation of the cell. The disappearance of the pyre¬ 
noids during cell division, a characteristic of many algae, does not seem 
to occur in Gonium. These statements are, however, made with some 
reserve and more work is needed to elucidate fully pyrenoid behaviour in 
the genus—possibly both methods of pyrenoid formation will be found to 
occur in any one form, one or the other predominating. 

A change in the polarity of the cell prior to division is a phenomenon 
which may be observed in various members of the Volvocaceae including 
Volvox (Pocock 1933, p. 587); it is fairly general in Gonium but nowhere 
has such regularity been observed as in G. perforate var. praecox. Ex¬ 
ceptional cases may occur in which the regular “follow my leader” fashion 
fails and the nuclei of two successive cells come to lie on adjacent sides, 
but this is rare and usually the marginal cells and consequently the 
daughter colonies formed by them all face the same way, the central cells 
showing a similar mutual sequence. Later in development the embryo 
colonies tend to swing around until they lie in the plane of the parent 
colony. Possibly the change in polarity of the cell is directly connected 
with the retention of motility throughout daughter-colony formation. 
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Since conflicting accounts have been given as to the way in which 
Gonium moves, it seems advisable to give a brief description of movement 
as observed during this work. As the colony is normally slightly convex, 
the central cells constitute the “anterior pole” of the coenobium; move¬ 
ment is two-fold: rotation on an axis perpendicular to the colony through 
the center and a forward progression along the line of this axis. The nor¬ 
mal position of the plate during movement is thus on edge, while at rest the 
tendency is for it to present a surface view. There is never any indication 
of “progression by a series of somersaults” as described by some workers, 
but the rotary movement may be slightly jerky. 

The beginning of somatic differentiation seen in Gonium octonarium is 
of particular interest since no such differentiation has been noted in any 
other species. Much still remains to be elucidated as to sexual reproduc¬ 
tion, in particular, whether the presence of plus and minus strains recorded 
by Schreiber (1925) in G. pectorale are general for all taxa and whether 
or not all are dioecious. Apparently sexual reproduction is seldom ob¬ 
served, but possibly this may be because the process is a nocturnal phe¬ 
nomenon rather than a rare one. The longevity of the resting spores is 
probably even more pronounced than has been shown in the course of 
this work. 

Summary 

Gonium collected in the field has been supplemented by material ob¬ 
tained from cultures of soil collected mainly in Nebraska and California. 

Five distinct forms of Gonium have been studied of which two are de¬ 
scribed as new species— G. octonarium (8-celled) and G. multicoccum 
(8-, 16- and 32-celled)—and one as a new variety— G. pectorale var. 
praecox; the two remaining forms are G. pectorale var. pectorale (nor¬ 
mally 16-celled, as in var. praecox) and the 4-celled G. sociale. 

The new species and variety are described and observations on the 
occurrence, life cycle, behaviour and results of cultures of the various 
forms are recorded. 

The discussion deals with taxonomic relationships within the genus; the 
diagnostic value of pyrenoids and their number and behaviour; change in 
polarity within the cell prior to division; movement of the colony, and 
incipient somatic differentiation as seen in G. octonarium. 
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FLORA OF THE CRESTED BUTTE QUADRANGLE, COLORADO 
Jean H. Langenheim 

Although the flora of the eastern slope of the Colorado Rockies has 
been studied in considerable detail, the western slope has received little 
attention. Several general surveys which include incomplete floral lists 
have been published, the most complete being Brandegee’s (1876), which 
was intended to be a supplement for southwestern Colorado to Porter and 
Coulter’s “Synopsis of the Flora of Colorado” (1874). Charles F. Baker 
also published a very incomplete list for the La Plata Mountains in 1898. 
Names of plants are mentioned in several vegetational surveys of the state 
(Robbins, 1910; Cary, 1911), and Schmoll (1935) discussed the vegeta¬ 
tion of the Chimney Rock Area, Archuleta County. However, there are no 
truly definitive lists for local areas other than that by Graham (1937) for 
the Colorado portion of the Uinta Basin. 



